A complete set of dimension-6 effective contact interactions involving Higgs, gauge bosons and quarks is studied. Limits on the coefficients of these new operators are obtained from the experimental values of the Z and W gauge bosons widths.
the symmetries of the Standard Model. The effective Lagrangian approach is a modelindependent way to describe new physics that can occur at an energy scale Λ much larger than the scale where the experiments are performed. New particles present at the energy scale Λ are integrated out at low energies, generating higher dimensional operators. The effective Lagrangian depends on the particle content at low energies and here we assume that the Higgs boson can be light, being present in the higher dimensional operators, in addition to the electroweak gauge bosons and fermions, and the SM symmetries are linearly realized [2, 3] . In what follows we adopt the notation of Buchmüller and Wyler in ref. [2] .
Limits on operators modifying the electroweak and Higgs bosons interactions but leaving the fermion interactions untouched have been obtained from studying many different processes [4] [5] [6] [7] [8] [9] [10] [11] . In this short note we concentrate on possible contact interactions involving Higgs, gauge bosons and quarks. These interactions are interesting since they could in principle contribute to associated Higgs and gauge boson production at hadron machines and to anomalous top quark couplings. In fact, some of the analogous leptonic contact operators have been used in the study of anomalous Higgs production at LEP2, like O
Φl and O Φe [9] . Also the operators like O
Φq ,O Du , O Dd ,O uW and O dW have been studied in the context of anomalous top quark production at the Tevatron [12] and e − γ colliders [13] .
These operators are constrained at tree-level by the decay widths of the Z and W boson.
In this paper we obtain limits for each coefficient of a complete set of contact interactions involving Higgs, gauge bosons and quarks, assuming that different generations can have different anomalous couplings. We also write down the specific linear combination of coefficients that are bounded in each process and notice that accidental cancellations could avoid these direct bounds.
II. EFFECTIVE LAGRANGIAN AND CONTACT INTERACTIONS
The most general effective Lagrangian containing dimension-6 terms describing contact interactions among electroweak gauge fields, i.e. γ, W ± , Z 0 , Higgs boson H, and quark fields is given by [2] :
where Φ is the Higgs field doublet, which in the unitary gauge assumes the form,
with B µν and W I µν being the field strength tensors of the U(1) and SU(2) gauge fields respectively.
We incorporated all the new interactions arising from the effective lagrangian in the Comphep package [14] by using the code Lanhep [15] .
For the Z boson, we obtain the modified Zbb and Zcc vertices which can be written as follows:
where
and
The vertex W − ud can be written as follows:
The results obtained for the Z decay width into u-and d-type and for W decay into quarks are shown in the Appendix, where we include finite quark mass effects and the appropriate QCD and QED radiative corrections.
From these expressions we note some interesting features:
interfere with the Standard Model result. The other combinations only appear quadratically and therefore should be less constrained by data.
• There could be cancellations in the linear combinations of the coefficients of the effective lagrangian that would the widths less sensitive to them, but we don't consider this possibility further.
• The operator O ΦΦ is not constrained by Z decays.
We get bounds on the different coefficients by requiring 3σ deviation criteria for Z and W decay widths. For the Z boson, we consider deviations in the total hadronic width due to anomalous couplings of the first family only and also deviations in R c and R b arising from anomalous couplings of the second and third family respectively. For the W boson we considered deviations in the total width due to anomalous couplings in the first generation.
We used the data [16] : Φq , f Dd , fD d and f dW bound different structures of W tb anomalous coupling, as also noted recently in [13] (however, apparently they did not consider all possible structures in the interaction vertices). All couplings we considered are also related to anomalous Higgs interactions with quarks and gauge bosons like Hqq, HV qq. Therefore the operators considered in this paper should be taken into account if one study anomalous Higgs couplings effects at the colliders.
III. CONCLUSIONS
The search for the effect of higher dimensional operators that give rise to anomalous couplings should be pursued in all possible processes since the results may provide important information on physics beyond the Standard Model. However, one should not forget that the contribution of some of these operators are strongly bounded due to precision measurements at LEP.
In this note we derived limits on the coefficients of a complete set of dimension-6 operators involving electroweak gauge bosons, quarks and Higgs fields. We showed the linear combinations of these operators that are important for the decay processes. In particular,
there are some operators that are not tightly bound by the gauge boson decay widths but they could be important for other processes like anomalous associated Higgs production at the Tevatron. In this appendix we collect the results for the widths, including finite mass effects and radiative corrections.
The Z partial decay width into u−type quarks is given by:
Finite quark mass effects are described by the function:
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